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In Colorado, as in many arid western states, the need for limited water
resources continues to escalate as the state's growing population and
economy demand reliable water supplies for both a greater amount and
diversity of uses. When water users seek to develop new water rights,
conflicts over the allocation of these scarce resources arise. The forum for
resolving water rights conflicts is most often Colorado's water court,'
* Daniel Young is a civil engineer at the engineering firm of Helton & Williamsen,
P.C. and a third year e-!ening student at the University of Denver College of Law.
t Duane Helton is the President Helton & Williamsen, P.C. Mr. Helton has worked
as a water resource engineer in Colorado for over thirty years and has testified as an expert
in more than fifty water right cases, including hearings before the Special Masters in
Kansas v. Colorado, 514 U.S. 673 (1995); Colorado v. New Mexico, 459 U.S. 176 (1982);
In re Water Rights of the Bd. of County Comm'rs, Nos. 86-CW-226 & 88-CW-178 (Water
Div. No. 4, Colo. 1991) rev'd in part, aff'd in part, and rein'd, 891 P.2d 952 (Colo. 1995);
and In re Water Rights of the Bd. of County Conm'rs, No. 88-CW-178, appeal filed,
98SA327 (Water Div. No. 4, Colo. 1998).
1. Colorado statute divides the state's water administration system into seven water
divisions, each of which houses one of the state's seven major river basins. See COLO.
Water court decisions are appealed directly to the
REV. STAT. § 37-92-201 (1999).
Colorado Supreme Court. See COLO. REV. STAT. § 13-4-102(1)(d) (1999); COLO. APP. R.
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which has exclusive jurisdiction over matters regarding the use of the
state's water resources. 2 Although disputes between water users are often
settled before reaching trial, water users generally approach conflicts over
the development of new water supplies planning for litigation.
Consequently, the water users seeking to develop water supplies, in
addition to hiring water attorneys, typically employ water resource
engineers as consultants to provide technical guidance. These engineers
also testify before the water court as experts.
Although the nature of water-related conflicts in Colorado is as diverse
as the interests of the water users themselves, most water disputes are
initiated when a water user plans to establish or expand its water supply
and files the required application with the water court. Once an application
is filed, interested parties,3 including the state, 4 can file statements of
opposition with the Court and become objectors in the case. In most
situations, the applicant hires an engineer to evaluate the applicant's water
needs and potential water resources, to provide assistance in preparing for
trial, and to testify before the water court in support of the applicant's plan.
Objectors will also employ engineers to evaluate the proposed plan and
ensure that their interests will not be impaired. This article focuses on the
engineer's role in developing a water supply plan for the applicant and
serving as an expert in guiding the plan through the water court process.
Part I of this paper provides a brief summary of Colorado water law as
it defines the general concepts affecting an engineer's water supply analysis
and expert testimony before the water court. Part II discusses the
approaches generally used by an engineer when quantifying the applicant's
water needs. Part III details how the engineer typically evaluates the
potential water resources available to the applicant and recommends a plan
that prevents injury to existing water rights. Part IV explains the role of an
engineer in assisting the attorney in drafting the water right application and
preparing for trial. Finally, Part V discusses the general type of testimony
given by an expert in a water court trial.
I. BACKGROUND 5

The basic foundation for Colorado water law is found in the state
constitution, which declares that all unappropriated water within the state is
the property of the public, 6 and the right to appropriate such water for
I (a)(2).
2. See id. § 37-92-203(1). However, the water court does not preside over water
disputes between states. See, e.g., Kansas v. Colorado, 514 U.S. 673 (1995) (involving a
dispute between Kansas and Colorado over the administration of the Arkansas River under
the Arkansas River Compact codified in Colo. Rev. Stat. § 37-69-101 (1999)).
3. See COLO. REV. STAT. § 37-92-302(1)(b) (1999).
4. Id.
5. See generally, Gregory J. Hobbs, Jr., Colorado Water Law: An Historical
Overview, 1 U. DENY. WATER L. REV. 1 (1997) (providing an in-depth review of the
history and development of Colorado water law); Jill C. Harris, Introduction to Colorado
Water Law, COLORADO WATER WORKSHOP (July 1999) (providing an outline of the
principles of Colorado water law found in the state's constitution, statutes, and case law).
6. COLO. CONST. art. XVI, § 5.
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beneficial uses shall never be denied.7 As Justice Gregory J. Hobbs of the
Colorado Supreme Court once wrote, these two Constitutional provisions
established three basic tenets that govern the use of water in Colorado:
First, and foremost, the doctrine of prior appropriation is the exclusive
method for allocating rights to use quantities of stream water in Colorado.

Sections 3 and 6 [of the Colorado Constitution] are clear in this regard.
The application of riparian or reasonable use doctrines to the allocation of
water has been expressly rejected in Colorado. Second, the right to
appropriate water is only for beneficial uses. Finally, conflicts between
mutually exclusive demands for the right to use water quantities are to be
resolved by reference to the priorities of the competing uses.

Simply stated, the doctrine of prior appropriation gives "the party who
first puts water to a beneficial use the right to use the water to the
exclusion of others." 9 The detailed principles and structure of Colorado
water law have been codified in the Water Right Determination and
Administration Act of 1969.1o
In order to acquire a water right with a legally enforceable priority
under Colorado law, a water user must put water to beneficial use and have
that appropriation adjudicated in the water court.' The water court issues
a decree for the water right that provides the water user with a priority for
a particular use and amount based on both the adjudication and
appropriation dates."2 As the Colorado Supreme Court summarized:

7. See COLO. CONST. art. XVI, § 6.
8. Gregory J. Hobbs, Jr. & Bennett W. Raley, Water Rights Protection in Water
Quality Law, 60 U. COLO. L. REV. 841, 878 (1989).
9.

SANDRA H. JOHNSON ET AL., PROPERTY LAW: CASES, MATERIALS AND PROBLEMS

28-29 (2d ed. 1998). Contrary to the doctrine of prior appropriation, riparian rights
doctrine simply allows "all surface owners adjacent to a flowing stream [to] have a right to
use the water." Id. at 28.
10. COLO. REV. STAT. § 37-92-101 et seq. (1999).
11. See Lawrence J. MacDonnell, Five Principles that Define Colorado Water Law, 26
COLO. LAW. 165, 165-67 (1997). This water right is known as an absolute water right.

Another type of water right recognized by the water court is a conditional water right. A
conditional water right can be decreed in situations, for example, where an individual or
entity plans to put water to beneficial use, but requires additional time to construct the
required facilities. A conditional right secures the priority date and amount of the water
right until the water user can complete the project. See id. at 165. However, if the water is
not put to beneficial use before six years after the conditional decree is granted, the water
user must apply to the water court for a finding of diligence. See COLO. REV. STAT. § 3792-301(4)(a)(I) (1999). If the water court does not grant diligence, the water right will be
abandoned. Id.
12. See COLO. REV. STAT. § 37-92-401(1)(b)(II) (1999). The appropriation date refers
to the time when a bona fide interest to use water co-existed with action giving notice of that
intent provided that the water was beneficially used within a reasonable time, while the
adjudication date refers to the date the water right was decreed by the water court. The date
of the adjudication establishes the overall priority of the water right; however, the date of
appropriation is used to establish priorities within the same adjudication. Therefore, during
the first adjudication within each water division, the water right with the earliest
appropriation date possesses the first priority. See id. §§ 401(l)(b)(I)-(V). The oldest
water right in Colorado is the San Luis People's Ditch with an appropriation date of April
10, 1852 and an adjudication date of June 14, 1889.
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The law of prior appropriation in Colorado is well-settled. The first
person to divert unappropriated water and to apply it to a beneficial use
has a water right superior to subsequent appropriators from the same
water resource. Once a water right has been adjudicated, it is given a
legally vested priority date which entitles the owner to a certain amount of
water subject only to the rights of senior appropriators and the amount of
water which is available for appropriation.'
The court held that "to deprive a person of his priority is to deprive him
of a most valuable property right. .

.

. A priority of right to the use of

water being property, is protected by our constitution so that no person can
be deprived of it without 'due process of law.' ""4 As a separate property
interest, a water right can be severed from the land on which it was
originally used and transferred separately.'"
Today, most rivers in Colorado are fully appropriated at least during
substantial parts of the year. New water rights decreed in more recent
water court adjudications rarely provide reliable, or firm, 6 water supplies.
Consequently, a water user seeking a reliable water supply usually has to
purchase a senior water right 7 and change its use or use it to augment a
junior water right. A change of water right must be adjudicated by the
water court and includes any change in the diversion location or in the
"type, place, or time of use."' 8 A plan for augmentation is a program
adjudicated by the water court that allows a junior water right to be
diverted out of priority, provided that any resulting effects are offset by a
substitute source.' 9 In some cases, reservoir storage may be necessary to
provide an alternative to the acquisition of a senior water right.2 °
In order to change a water right or obtain a plan for augmentation, the
water user must file an application with the water court,2' which will
approve the application if other water rights will not be injured.22 A water

13. Navajo Dev. Co. v. Sanderson, 655 P.2d 1374, 1377 (Colo. 1982).
14. Id. at 1378 (quoting Nichols v. McIntosh, 34 P. 278, 280 (Colo. 1893)).
15. See Strickler v. City of Colorado Springs, 26 P. 313, 316 (Colo. 1891).
16. Although more commonly used in connection with reservoir operations, the term
firm yield refers to the minimum amount of water that a water supply will produce in every
year. See RAY K. LINSLEY, JR. ET AL., HYDROLOGY FOR ENGINEERS 444 (3rd ed. 1982)
[hereinafter LINSLEY, ET AL.I.

17. Water rights are often referred to as being senior or junior depending on their
priority. A junior user will not be entitled to divert any water until all water rights in the
basin with a senior priority that could be affected by the junior right are satisfied. A water
right is generally considered satisfied when the water user is diverting the maximum amount
needed for the beneficial use and allowed by the decree, or the water right is not being used
voluntarily.
18.
19.

COLO. REV. STAT. § 37-92-103(5) (1999).
See id. § 103(9).

20. Although the same watcr resource engineering concerns generally apply, this
possibility is not considered in this article. In addition, this article will not address the
engineering requirements needed to acquire a new appropriation. See generally City of
Thornton v. Bijou Irrigation Co., 926 P.2d 1 (Colo. 1996); In re Water Rights of the Bd. of
County Comm'rs, 891 P.2d 952 (Colo. 1995) (holding that requirements, such as antispeculation and "can and will," must be met in order to acquire a new water right).
21. See COLO. REV. STAT. § 37-92-302(l)(a) (1999).
22. See id. § 37-92-305(3).
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right is generally not injured if it is provided with the same stream
conditions that existed at the time of its appropriation.2 3 The amount of
water from a senior water right that can be changed or used for
augmentation purposes is limited to the historical amount consumed
pursuant to the right's decree, not the amount diverted or decreed. 4
Although the water court adjudicates new water rights and changes to
existing rights, the actual administration of water court decrees is the
responsibility of the state engineer. 5 The state engineer appoints a division
engineer to oversee the administration of water rights in each of the state's
seven water divisions.26 Within each water division, the division engineer
often has several water commissioners to assist in daily record keeping and
administration of the allocation of water between the various users.27
This brief summary of the very basic principles and provisions of
Colorado water law shows that the process required to either expand or
develop a water supply in Colorado can often be difficult. As a result, a
water user planning to file a water court application will generally enlist
the assistance of a water resource engineer. The water resource engineer
works closely with an attorney to develop a plan that provides a sufficient
water supply, satisfies the concerns of the objectors, and optimally, obtains
the approval of the water court.
II. QUANTIFYING WATER NEEDS
In many situations, the initial challenge faced by a water resource
engineer is to define the client's objectives and to quantify the amount of
water required to meet them. The objectives of a client are usually
determined by the proposed use of the water supply. It is necessary to
establish the client's proposed use or uses of the water because the size of
the required water supply is usually determined by the amount of water that
will be physically consumed, not actually diverted from a water source. 28
In many cases where a client seeks to establish a new water use, the
proposed change of water right, or augmentation plan, will provide water
to replace the amount of water physically consumed by the new use, not
the total amount of water needed for the use. For example, a typical
household may require 200 gallons of water per day; however, only ten to
twenty gallons are actually consumed, while the remaining water is
returned to its source through a septic system or water treatment facility.2 9
23. See City of Thornton, 926 P.2d at 80.
24. See Weibert v. Rothe Bros., Inc., 618 P.2d 1367, 1371-72 (Colo. 1980); Santa Fe
Trail Ranches Property Owners Ass'n v. Simpson, 990 P.2d 46, 59 (Colo. 1999).
25. See COLO. REV. STAT. § 37-80-102, § 37-92-301 (1999). A detailed description
of the responsibilities of the State Engineer's Office ("SEO") can be found at the SEO
website.
See Office of the State Engineer (visited March 9, 2000)
<http://www.water.state.co.us>.
26. See COLO. REV. STAT. §§ 37-92-202(1)(a)-(b) (1999).
27. See id. § 37-92-202(3).
28. The water supply may be expanded from its initial amount in order to provide
additional water to replace delayed return flows and other needs to prevent injury to existing
water rights. See infra notes 71-84 and accompanying text.
29. See, e.g., In re Water Rights of the City of Westminster, Nos. 86-CW-397, 88-CW-
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Consequently, the water supply plan would typically need to replace only

the ten to twenty gallons of water consumed because the remaining water is
returned to the source for the use of downstream water users.
The amount of water consumed or depleted from a water source is
referred to as consumptive use, which is calculated based on the proposed
use of the water. As stated in a recent publication by the American Society
of Civil Engineers:
Knowledge of consumptive use is necessary in planning and operating
water resource projects. Consumptive use is involved in problems of
water supply, both surface and underground; water management; and in
the economics of multiple-purpose water projects for irrigation, power,
water transportation, flood control, municipal and industrial water uses,
and wastewater reuse systems.
Consumptive use of water is important in negotiating water compacts and
treaties and in the litigation and adjudication of water rights in major river
systems in which the welfare of people in cities, valleys, states and even
nations is involved. 3 °
Although there are numerous potential water uses,31 the most common
consumptive water uses are irrigation, domestic and municipal, and
recreational and environmental. 32
A. IRRIGATION USES
Today in Colorado new consumptive water uses are typically domestic,
municipal, recreational, and environmental. It is somewhat uncommon for
a potential water user to want to establish a new irrigation practice;
however, it is necessary for water resource engineers to understand
267, and 89-CW-129 (Water Div. No. 1, Colo. 1990) (finding that five percent of indoor
domestic wastewater treated in a water treatment facility was consumed); In re Water Rights
of Evergreen West, No. W9270-78 (Water Div. No. 1, Colo. 1984) (finding that not more
than ten percent of domestic sewage effluent is consumed through the use of septic tanks
and leaching fields).
30. COMMITTEE

ON IRRIGATION WATER REQUIREMENTS OF THE IRRIGATION AND
DRAINAGE Div. OF THE AM. SOC'Y OF CIVIL ENG'RS, EVAPOTRANSPIRATION AND IRRIGATION

WATER REQUIREMENTS
ENG'RS].

3 (M.E. Jensen et al. eds., 1990) [hereinafter

AM. SOC'Y OF CIVIL

31. Technically, a water use is limited only by what is considered a beneficial use.
Beneficial use is defined as the "use of that amount of water that is reasonable and
appropriate under reasonably efficient practices to accomplish without waste the purpose of
which the appropriation is lawfully made and, without limiting the generality of the
foregoing, includes the impoundment of water for recreational purposes, including fishery
or wildlife."
COLO. REV. STAT. § 37-92-103(4) (1999). This definition shows that
beneficial uses are not constrained to consumptive uses. The Colorado Water Conservation
Board has the authority to appropriate non-consumptive instream flow water rights to
.preserve the natural environment to a reasonable degree." Id. § 37-92-102(3). These
instream flow water rights are subject to all senior water rights, but also ensure that junior

water rights cannot divert from a given stream unless water is available in excess of the
instream flow amount. See id. § 37-92-102(3)(b).

32. Industrial use is another common consumptive water use. An explanation of how to
calculate the consumptive use from this type of water use is dependent on the specific
industry involved and is therefore beyond the scope of this article.
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irrigation usage in order to evaluate senior irrigation water rights for a
change in water right proceeding or to recommend ways to improve
existing irrigation practices. The initial evaluation of an irrigation water
supply system is for determining the amount of water that will be
consumed by the crop itself. Agricultural water supplies typically require
water from April through October. 3 While there are numerous ways to
calculate crop consumptive use, 34 the method most commonly accepted by
the water court is the Blaney-Criddle method.35
The Blaney-Criddle method is used to calculate the crop water
requirement, which is the amount of water consumed by a crop receiving a
full water supply. 36 Using this method, the crop water requirement for a
particular crop is calculated using an arithmetic equation that is dependent
on a number of factors including: precipitation, temperature, growing
season, amount of sunlight, and the stage of plant growth.3 7 The stage of
plant growth is reflected by a crop growth stage coefficient that has been
developed through research data for numerous crops including alfalfa and
pasture grass, which are common Colorado crops. 8 The crop water
requirement is expressed in acre-feet of water per acre of irrigated land.
Consequently, the total volume of water measured in acre-feet"' needed to
supply a particular crop is determined by multiplying the crop water
requirement by the number of acres of land irrigated. The water amount
that needs to be provided by the irrigation supply is the crop irrigation
requirement, which is the crop water requirement less the precipitation that
is available to meet crop water needs.4
An additional evaluation of an irrigation use is to determine the total
amount of water that needs to be diverted from a water source in order to
supply the crop irrigation requirement. This process requires an evaluation
of the efficiency of the system used to deliver water from the source to the
farm taking into consideration the water losses in the canals, ditches,
laterals, and on the farm itself. The efficiency of the farm's irrigation,
referred to as farm efficiency, is the percentage of water applied to a crop
33. In certain conditions, agricultural water users divert water outside the typical
irrigation season in order to build up the soil moisture in the irrigated land for the following
year.
34. See AM. SOC'Y OF CIVIL ENG'RS, supra note 30, at 6-8.
35. See U.S. DEP'T OF AGRIC. SOIL CONSERVATION SERV., TECHNICAL RELEASE No.
21,IRRIGATION WATER REQUIREMENTS 5 (1970) [hereinafter DEP'T OF AGRIC.].

36. The crop water requirement is defined as the "amount of water potentially required
to meet the evapotranspiration needs of vegetative areas so that plant production is not
limited from lack of water." Id. at 2. "[T]he term evapotranspirationis more common
than consumptive use. [Evapotranspiration] is the same as consumptive use except the latter
includes water that is retained in the plant tissue, which is minor relative to the amount used
in [evapotranspiration]." See AM. SOC'Y OF CIVIL ENG'RS, supra note 30, at 3.
37. See DEP'T OF AGRIC., supra note 35, at 6-7.
38. Id. at 12, 66, 80. Numerous studies have been done by the Denver Water
Department and other organizations to modify the crop growth stage coefficients to evaluate
the vast daily temperature changes at higher elevations. See, e.g., NORMAN C. CARLSON ET
AL., EVAPOTRANSPIRATION IN HIGH ALTITUDE MOUNTAIN MEADOWS (1991).

39. An acre-foot of water is the amount of water required to cover one acre with one
foot of water. LINSLEY, ET AL., supra note 16, at 116.
40. See DEP'T OF AGRIC., supra note 35, at 2.
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that is actually consumed and is estimated by evaluating the type of
irrigation practice being used.

Farm efficiencies might range from thirty

percent for basic flood irrigation systems4 to seventy-five percent for
sprinkler irrigation systems. 42 The water not consumed by the crop returns
to the water source as either surface water runoff or deep percolation

through the groundwater system.43 Therefore, if the crop irrigation
requirement is 100 acre-feet of water and the farm efficiency is fifty
percent, the total amount of water that needs to be delivered to the
irrigation system to ensure a full crop water supply is 200 acre-feet.
The efficiency of the canals, ditches, and laterals that deliver water
from the source to the farm, sometimes referred to as conveyance
efficiency, is the percentage of the water diverted from the source that is

actually delivered to the farm. In gravity irrigation systems where water is
diverted from the source at a higher elevation than irrigated fields,
irrigation ditches can be several miles or more in length. 44 As a result, a
percentage of the water initially diverted from the water source is lost
through seepage into the sides and bed of the canal or ditch. The
conveyance efficiency of a canal or ditch can be calculated from records of
actual operation or using a number of different theoretical methods. 45 Most
of the theoretical methods use the structure's width, depth, length, and
Conveyance losses are typically calculated
underlying soil type.
somewhere between five to thirty percent. 46 Consequently, the typical

conveyance efficiency can range from seventy to ninety-five percent. In a
continuation of the above example, for a conveyance efficiency of eighty
percent, 250 acre-feet of water would need to be diverted from the water
source in order to supply 200 acre-feet to the irrigation system, of which
100 acre-feet would be consumed by the crop.

41. See U.S. DEP'T OF AGRIC. SOIL CONSERVATION SERV., COLO. IRRIGATION GUIDE 6C-1, 6-C-4 (1978) (stating that irrigation efficiencies can range between 40 to 60 percent if
runoff is reused; otherwise, irrigation efficiencies will be lower). Flood irrigation is an
irrigation practice where water is distributed by gravity over the irrigated crop through a
series of small ditches.
42. See id. at 6-D-1.
43. A portion of the water not immediately used by the crop enters the root zone of the
crop and is contained in the moisture of the soil. The water contained in the soil moisture is
used later by the crop in times of water shortage. See generally LINSLEY, ET AL., supra
note 16, at 175-77 (providing an explanation of how subsurface water is generally
evaluated).
44. For example, the Fort Lyon Canal, located in the Arkansas River Valley, is
approximately 100 miles long. See hI re Water Rights of the Fort Lyon Canal Company
and the State of Colorado, Dep't of Nat. Resources, Div. of Wildlife, in the Arkansas
River, Nos. 79-CW-160, 79-CW-161, 79-CW-178, and 80-CW-51, 7 (Water Div. No. 2,
Colo. 1983).
45. See, e.g., Robert V. Worstell, Estimating Seepage Losses from Canal Systems, J. OF
THE IRRIGATION AND DRAINAGE DIV. , Mar. 1976, at 137 (describing one theoretical method
for evaluating canal losses).
46. See, e.g., In re Priorities of the Right to the Use of Water for Domestic and
Irrigation Purposes, 23 (Water Dist. No. 17, Colo. 1927) (finding conveyance losses
between fifteen and twenty-five percent for certain sections of the Fort Lyon Canal).
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B. DOMESTIC AND MUNICIPAL USES

As Colorado's population expands in both urban and rural areas, the
demand for residential water supplies continues to grow. In order to more
fully understand the quantification of municipal water supplies, it is helpful
to consider the water needs of an individual residence. The domestic water
use associated with an individual residence is divided into indoor and
outdoor use. Viewing the uses temporally, the occupants' water use for
indoor purposes (i.e., cooking, showers, toilets) is year-round whereas
water use for outdoor purposes (i.e., lawn and garden irrigation) parallels
the time of agricultural uses.
Although estimates vary, indoor water use is estimated between
seventy-five to one hundred gallons per day per capita, where the
occupancy rate is approximately two to four persons per household. 47 The
amount of consumptive use for indoor water use is generally estimated as
ten percent for septic systems4 8 and five percent for water treatment
facilities.49 Outdoor domestic water use consists primarily of lawn and
garden irrigation, which can amount to more than two acre-feet or more
per acre. 50 The amount of water that is consumed by lawn irrigation
depends on the location; however, the water court has found in several
cases that the consumptive use for outdoor residential use is approximately
eighty-five percent. 5' Generally, individual homeowners can get a permit
from the State Engineer's Office to drill a well for indoor uses without
having to augment consumptive use.5' On the other hand, any depletions
for outdoor use must be augmented unless the home is on a lot of at least
thirty-five acres.53
In determining the water supply needs for a municipality, a water
resource engineer can estimate water needs by using the guidelines for an
individual residence and applying them to the municipality's current size
and growth projections. 54 Many larger municipalities have historical water
use data that are used to develop more accurate water use estimates, which
can also be used to project future municipal water needs. In quantifying

47. See, e.g., In re Water Rights of Evergreen West, No. W9270-78, 3 (Water Div.
No. 1, Colo. 1984) (finding that in a particular area there was a 3.5 person average
occupancy and an average daily water use of eighty gallons per person per day).
48. See id. at 2 (finding a ten percent consumptive use rate for septic tanks and leaching
fields).
49. See, e.g., In re Water Rights of the City of Westminster, Nos. 86-CW-397, 88-CW267, 89-CW-129 (Water Div. No. 1, Colo. 1990) (finding a five percent consumptive use
rate for water treatment facilities).
50. See FAIRBANKS MORSE PUMP, HYDRAULIC HANDBOOK 97 (15th ed. 1988) (stating
that turf generally requires one inch of water a week).
51. See, e.g., City of Westminster, Nos. 86CW397, 88CW267, 89CW129, at 25
(referring to an analysis that indicated eighty-three percent of outdoor water use was
consumed between 1984 to 1988 in the City of Westminster).
52. COLO. REV. STAT. § 37-92-602(3)(b)(II)(A) (1999).
53. Id.
54. Water use guidelines for industrial, commercial, and alternative residential units,
such as apartment buildings, can be found in most water supply publications. See, e.g.,
WARREN VIESSMAN, JR. & MARK J. HAMMER, WATER SUPPLY AND POLLUTION CONTROL 38
(5 h ed. 1993) (providing an example of estimates for a variety of commercial water uses).
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the future water needs, it is helpful for the engineer to work with the
municipality's public works staff to determine accurate growth projections.
C. RECREATIONAL AND ENVIRONMENTAL USES

Although there are a variety of recognized recreational and
environmental water uses, the one common consumptive use is evaporation
losses from man-made ponds built for aesthetic, fishery, and wildlife
purposes.
The State Engineer's Office has published guidelines for
estimating evaporation for gravel pits that expose groundwater. These
guidelines are based on an evaporation map developed by the National
Oceanic and Atmospheric Administration ("NOAA"). 55
The NOAA
evaporation map shows the gross annual evaporation estimates for areas
throughout the entire state. 56 The gross evaporation rate is then allocated
based on monthly distributions developed either by NOAA57 or the State
Engineer's Office.58 Although evaporation losses are greatest during the
summer months, the distribution method supported by the State Engineer's
Office indicates evaporation losses occur year-round even though the ponds
might be frozen over during the winter months.
The monthly net
evaporation is determined by off-setting the gross evaporation by the
amount of the precipitation that is no longer consumed by the native
vegetation underlying the pond. 59 Finally, the actual consumptive use from
the pond evaporation is calculated by multiplying the net evaporation rate
by the total surface area of the pond.
III. EVALUATING THE POTENTIAL WATER SUPPLY AND PREVENTING
INJURY TO EXISTING RIGHTS

Once the client's proposed water uses are clearly defined and the
amount of potential monthly consumption for each use is estimated, the
water resource engineer evaluates the potential water sources. 6° In order
for a water supply to meet the client's objectives, it must provide enough
water to meet the client's water requirements while not injuring existing
water rights.

55. See COLO. DEP'T OF NAT. RESOURCES, OFFICE OF THE STATE ENG'R, GENERAL
GUIDELINES FOR SUBSTITUTE WATER SUPPLY PLANS FOR SAND AND GRAVEL PITS SUBMITTED
TO THE STATE ENGINEER PURSUANT TO SB 89-120 & SB 93-260 (Draft, Feb. 1996)
(referencing the evaporation analysis developed by the NOAA).
See RICHARD K.
FARNSWORTH ET AL., U.S. DEP'T OF COMMERCE, NAT'L OCEANIC AND ATMOSPHERIC
ADMIN., TECHNICAL REPORT NWS 33: EVAPORATION ATLAS OF THE CONTIGUOUS 48
UNITED STATES (June 1982); see also RICHARD K. FARNSWORTH & EDWIN S. THOMPSON,
U.S. DEP'T OF COMMERCE, NAT'L OCEANIC AND ATMOSPHERIC ADMIN., TECHNICAL
REPORT NWS 34: MEAN MONTHLY, SEASONAL, AND ANNUAL PAN EVAPORATION FOR THE

UNITED STATES (June 1982) [hereinafter TECHNICAL REPORT NWS 34].
56. See TECHNICAL REPORT NWS 34, supra note 55, at 1.

57.
58.
59.
60.
water

See id. at 64.
See COLO. DEP'T OF NAT. RESOURCES, supra note 54, at 2.
Id. at 3.
Depending on the circumstances involved, an engineer may evaluate the potential
source before determining the client's exact water needs.
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A. EVALUATING A POTENTIAL WATER SUPPLY
In evaluating a water source, the engineer must understand the priority
system. Under the doctrine of prior appropriation, a water user cannot
divert any water until all downstream senior water rights are satisfied.
Although the priority system is easily explained, its application in
administrating water rights in a given water basin or drainage that is overappropriated 6 can be complex.
The division engineer for each water division in the state publishes a
water rights tabulation that lists all the water rights and shows important
information such as allowable diversion rates and relative priorities. 62 The
water rights tabulation is a useful tool for the engineer because it lists water
rights that can affect, and be affected by, the client's water supply plan.
Typically, the Division Engineer's Office for each division also has "line
diagrams." These diagrams are useful in gaining an understanding of the
administration of water rights because they show the priority, decreed
diversion amount, and location of major water rights on each stream. For
example, a large senior right in the lower reach of a drainage will typically
control the allocation of water because upstream junior water rights must
pass enough water to satisfy the senior's decreed diversion amount.
However, the same water right located in the headwaters of a drainage may
have less impact because downstream junior rights can use both the water
that is not diverted by the senior right and water that returns to the stream
after it is used by the senior appropriator.
Another valuable source of information in determining how water is
allocated in a particular drainage is the local water commissioner. The
water commissioner for a particular drainage has the responsibility of
determining which water rights can divert, referred to as being "in
priority," at any given time. As a result, the water commissioner has
detailed knowledge of the location of the water rights, who owns the water
rights, and which water rights control the water allocation. A discussion
with the water commissioner can save a tremendous amount of time and
effort in determining how water rights in a particular drainage operate. In
addition, the water commissioner records the amount of water that is being
diverted daily by the major water rights. By examining the water
commissioner's diversion records, on file at both the Division and State
Engineer's Offices, it can be determined which water rights have been used
and if they have been diverting their full decreed amount.
The engineer will work with the client and the client's water attorney
to develop a plan to obtain the desired water supply once the client's water
supply needs have been quantified and the potential water sources have

61. A river or stream drainage is generally considered over-appropriated when the
decreed diversion rates of the existing water rights exceed the total natural flow in the
drainage; however, in evaluating the existence of unappropriated water for conditional
water rights, the courts consider actual existing uses, not decreed amounts. See In re Water
Rights of the Bd. of County Comm'rs, 891 P.2d 952, 959 (Colo. 1995).
62. See COLO. REV. STAT. § 37-92-401(1)(a) (1999). It should be noted that water
right tabulations are not always completely accurate; therefore, the original water right
decrees should be reviewed when evaluating particular water rights.
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been evaluated. Because there is little unappropriated water remaining in
most drainages within Colorado,63 typically the client will have to purchase

an existing water right and file a water court application to have it changed
to fit the client's water needs.'
Since agriculture remains the major
consumptive use of water in Colorado, irrigation rights are frequently

acquired in the development of new or expanded water supplies. An
irrigation water right is usually decreed to allow the owner to divert a
certain rate of water, measured in cubic feet per second, and irrigate land
in a specified location.
In evaluating a particular water right, not only are the right's priority

and decreed diversion rate important, but also important is the historical

use of the right. As explained above, the amount of water that can be
changed from a water right is usually limited to historical consumptive

use. 65 In addition to historical consumptive use, it is important to consider
other provisions and limitations that might exist in the decrees.

The engineer will first tabulate the historical diversions for the water
right from the water commissioner's records, and will determine the
amount and type of crop that was historically irrigated to determine the

amount of historical consumptive use attributed to an existing irrigation
water right. Historical irrigation practices can generally be evaluated

based on interviews with current and former landowners and the evaluation
of aerial photographs. 66 Once the historical diversion data and irrigation

practices, including conveyances and farm efficiencies, are determined, the
engineer will perform a Blaney-Criddle or other consumptive use analysis
using the historical data.

The amount of historical consumptive use will

then be limited to the lesser of either the crop irrigation requirement or the
amount of the historical in-priority diversions that went to meet crop
demands. 67 For example, if a water user diverted an average of 100 acrefeet of water to supply water to a crop with a crop irrigation requirement
of fifty acre-feet, the amount of consumptive use attributed to the water
right would be limited to fifty acre-feet. However, if the same water right

63. In cases where there is unappropriated water remaining in a particular drainage, the
client can simply put this water to beneficial use and have the absolute water right
adjudicated by the water court. If the project will take time to construct, the client can file
an application with the water court to receive a conditional water right decree. However,
whether the client has filed for a new absolute or conditional water right, existing water
users will likely object to the allegation that there is unappropriated water remaining in the
drainage. See, e.g., In re Water Rights of the Bd. of County Comm'rs, No. 88-CW-178,
appealfiled, 98SA327 (Water Div. No. 4, Colo. 1998) (finding by the water court that the
applicant did not show that there was enough unappropriated water remaining in the basin
for its claimed conditional water rights).
64. Purchasing existing water rights usually involves valuing these rights. Water
resource engineers can be hired by clients to provide appraisals for water rights. The value
of a particular water right, in such an appraisal, typically reflects the priority, location,
amount, and historical use of the water right.
65. See Weibert v. Rothe Bros., Inc., 618 P.2d 1367, 1372 (Colo. 1980); Santa Fe Trail
Ranches Property Owners Ass'n v. Simpson, 990 P.2d 46, 59 (Colo. 1999).
66. Aerial photographs for the majority of locations in Colorado are available at a
number of locations including the Aerial Photography Field Office of the Farm Service
Agency within the United States Department of Agriculture.
67. Total diversions are reduced to account for appropriate conveyance and farm losses.
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only diverted an average of thirty acre-feet of water that went to supply the

crop irrigation requirement after conveyance and farm losses, the amount
of consumptive use attributed to the water right would be limited to thirty

acre-feet.
If the diversions of the new water supply are going to occur upstream,
the engineer may have to evaluate the "exchange potential."

If the

potential for exchanges exists, upstream diversions can occur provided no
intervening water rights are adversely affected. 68 Although evaluating the

exchange potential can be complicated, the concept generally dictates that
water from a downstream source can be diverted at an upstream location

only to the extent that intervening water rights are still able to divert the
same amount and quality of water that they could historically. 69 In other
words, such exchanges would be limited to the minimum flow that was
passing the intervening points of diversion. ° For example, if the.

intervening water rights were using all the flow in the stream except for
five cubic feet per second, the amount of upstream diversions would be

limited to this amount.
For major water supply projects, a water resource engineer may
develop a computer model in order to help evaluate how much water a
certain project could expect to receive. 7' One type of computer model
commonly used is a simulation model. 2 In general, a simulation model
uses historical hydrologic7 3 and diversion data during a certain period to

determine the amount of natural, or virgin, flow available in a particular
drainage for a given study period. Natural flow is simply the amount of
water that a drainage would have produced during a given period of time
without any man-made interference. The model then allocates this natural
flow based on the priority system to the water rights in the drainage,
including the water supply project being evaluated, to determine how much
68. COLO. REV. STAT. §§ 37-83-104 & 37-92-305(5) (1999).
69. "In the case of plans for augmentation including exchange, the supplier may take an
equivalent amount of water at his point of diversion or storage if such water is available
without impairing the rights of others. Any substituted water shall be of a quality and
quantity so as to meet the requirements for which the water of the senior appropriator has

normally been used ...." Id. § 37-92-305(5); see also id. § 37-80-120.
70. This assumes that there are not any instream flow water rights appropriated between
the two points. If instream flow appropriation were present, the exchange would be limited
to the amount of water in excess of the instream flow appropriations passing the intervening
points of diversion.
71. Computer models have also been used extensively to evaluate the allocation of water
in interstate compact disputes. See, e.g., Kansas v. Colorado, 514 U.S. 673 (1995)
(computer models were used extensively to quantify Colorado's potential injury to Kansas
under the Arkansas River Compact). In addition, the State of Colorado is developing its
own computer model, called the Colorado Decision Support System, to evaluate the water
allocations within the major drainages in the State. See Colorado Decision Support System
(visited March 9, 2000) < http://cdss.state.co.us>.
72. See generally LINSLEY, ET AL., supra note 16, at 339-42 (providing a description of
the various types of computer models used in different aspects of hydrology problems).
Simulation models are also referred to as deterministic models.
73. The United States Geological Survey ("USGS") records streamflow data at certain
locations on most major streams in Colorado and other states. These records are available
at the USGS web site. See United States Geological Survey (visited March 9, 2000)
< http://waterdata.usgs.gov/nwis-w/US >.
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water the project would have received had it been operated during the
given study period.
A simulation model is particularly helpful in
evaluating exchange potential.
B. PREVENTING INJURY TO EXISTING WATER RIGHTS

The water court is required by statute to approve any change of water
right or plan for augmentation that "will not injuriously affect the owner of
or persons entitled to use water under a vested water right or decreed
conditional water right." 74 The Colorado Supreme Court has held that a
change of water right or plan for augmentation does not cause injury to
water rights when these rights receive the same stream conditions that were
present at the time of appropriation.
Although there are numerous
considerations in an injury analysis, the basic consideration is the amount
and timing of historical return flowS. 76 Injury is prevented to existing
water rights when the new water supply plan makes up historical return
flows in time, amount, and location. In evaluating a new water supply
system, the engineer will typically propose terms and conditions that will
ensure that these return flow obligations are met and that other casespecific injuries do not occur. This discussion only addresses potential
injuries associated with water quantity, not water quality, constraints.
1. Historical Return Flows
Downstream water rights are entitled to return flows, the water that
was historically diverted under the water right being used for the new
water supply and then returned to the stream through conveyance and farm
losses.
Consequently, the engineer typically evaluates not only the
historical consumptive use of the water right being considered for a new77
water supply, but also the timing and amount of historical return

flows.

In evaluating the timing and amount of these return flows, surface water
and groundwater returns are normally treated separately.
As described above, a portion of farm losses are surface water returns
while the remainder of farm losses and conveyance losses are groundwater
returns. The amount of irrigation return flow is determined based on the
estimated amount of water that was diverted but did not go toward the crop
irrigation requirement.78 Logically, surface water returns are considered to
return to the water source promptly after diversion and application.
The timing of groundwater returns is typically estimated using a Glover
analysis.79 In general, the Glover analysis estimates how long it will take
for groundwater to travel through the soil and underlying geologic
74. COLO. REV. STAT. § 37-92-305(3) (1999).
75. City of Thornton v. Bijou Irrigation Co., 926 P.2d i, 80 (Colo. 1996).
76. COLO. REV. STAT. § 37-92-305(4)(b)-(c) (1999).
77. It should be noted that not all water courts require the maintenance of historical
return flows in every case. The requirement to maintain historical return flows depends on
whether existing water rights will be injured by the applicant's proposed plan.
78. See supra notes 32-38 and accompanying text.
79. See ROBERT E. GLOVER, TRANSIENT GROUND WATER HYDRAULICS 141-44 (1974);
DEWAYNE R. SCHROEDER, ANALYTICAL STREAM DEPLETION MODEL (1987).
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formations and produce an increase in the flow of the original water
source. The amount of time it takes for groundwater to return to the water
source depends primarily on the distance of the irrigated land from the
water source and the physical characteristics of the underlying soils and
geologic formations.80
If the return flows historically returned to
somewhere other than the original water source, the evaluation will likely
be more complicated because water rights located where the return flows
accrued will likely be entitled to maintenance of the historical return flows.
After the monthly return flows are determined, the engineer will
typically summarize the monthly diversions, consumptive use, and return
flows of the water right in a water budget. In general, a water budget is an
accounting system that tracks all the inflows and outflows of a particular
water system. 81 This water budget will be compared to the applicant's
consumptive water needs to determine if the historical consumptive use
from the existing water right can be used to replace the consumptive use
from the new use, while still maintaining the historical return flow patterns
from the existing water right. If return flows are not maintained, an
additional water source, such as water from a reservoir, may be required in
order to ensure that existing water rights are not injured.
2. Proposed Terms and Conditions
The development of every new water supply presents its own unique
problems; thus, the engineer usually recommends terms and conditions 82 to
ensure the historical return flows are replaced in order to satisfy the
concerns of objectors and the water court. 83 Such terms and conditions
84
may include: volumetric limitations on diversions for new uses;
limitations in use to a certain time of the year;85 relinquishment of a portion
of the water right being changed; 86 or specification of procedures for
determining when exchange potential exists.8 7
Often the utility of
establishing a new water supply depends on the creativity of the client's
engineer and water attorney in developing terms and conditions that
prevent injury to existing water rights while still achieving the client's
objectives.
Normally after the engineer has quantified the client's water needs and
the client has obtained adequate water rights to supply these needs, the
engineer will prepare an engineering report. 88 The engineering report will
80. See

SCHROEDER,

supra note 79, at 1.

81. See VIESSMAN & HAMMER, supra note 53, at 84-85.
82. COLO. REV. STAT. § 37-92-305(4) (1999).
83. Id. § 37-92-305(4)(b).
84. A volumetric limitation prevents the water right from diverting more than a specific
volume of water during a period of time. For example, a water right may be limited to
10,000 acre-feet of water during a ten-year period.
85. COLO. REV. STAT. § 37-92-305(4)(c) (1999).
86. Id. § 37-92-305(4)(b).
87. Id. § 37-92-305(5).
88. Depending on the expected amount of opposition to the plan, a final engineering
report may not be completed until after the objectors' concerns have been determined. In
cases of minimal opposition, a formalized engineering report may not be needed.
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contain sections describing the applicant's water needs, acquired water
supply, and recommended terms and conditions to prevent injury to
existing water rights.
IV. THE WATER RIGHT APPLICATION AND PRE-TRIAL PREPARATION
The applicant's water attorney may ask the engineer to provide
assistance in preparing the change of water right application and in
preparing for trial in the event that the applicant and objectors are unable to
agree to a settlement.
A. WATER RIGHT APPLICATION

The water right application can be fairly general in nature or can
anticipate the likely concerns of potential objectors and provide a detailed
description of the overall water supply plan and proposed protections to
existing rights, although each attorney's style may vary. In either case, the
application needs to contain at least enough information to comply with the
standards set forth in the application forms developed by the various water
courts. 89 Each water court has a slightly different set of requirements, but
the water right application will generally require a description of the water
rights sought to be changed 9° and a complete statement of the plan.9' In
preparing the application, many water attorneys will have the engineer
assist in developing the technical description of the plan to ensure that it is
accurate and comports with the engineering report.
Once the applicant files the water right application with the water
court, a description of the application is placed in the resume for the water
court.9 2 The resume serves to notify potential objectors of the proposed
plan who then have until the "last day of the second month following the
month in which the application is filed" to file statements of opposition. 93
Objectors may hire their own water resource engineers to evaluate the
proposed plan and provide opinions as to its adequacy. After the filing of
statements of opposition, the attorney and engineer will attempt to meet
with objectors and reach a settlement. If an engineering report has been
prepared, the attorney will most likely send copies of it to the objectors.
The review by the objectors' engineers often develops many of the issues
in the case. One or more meetings may take place between the engineers
and attorneys for each side to attempt settlement or at least narrow the
issues. If the parties reach a settlement, the water judge will normally sign

89. COLO.

REV. STAT.

§ 37-92-302(2)(a) (1999).

90. This description requires the applicant to state the decree in which the water right
was adjudicated, the decreed location, the amount of the water right, and the historical use
of the water right. Id.
91. Applications requesting plans for augmentation also require a copy of the historical
diversion records that are being relied on for the application and map showing the location
of the historical use. Id.
92. Id. § 37-92-302(3). The resumes for all the water courts, except Division 6, can be
viewed from the website for the Colorado courts. See Colorado Courts (visited March 9,
2000) < http://www.courts.state.co.us/sitemap.htm >.
93. COLO. REv. STAT. § 37-92-302(1)(c) (1999).
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a proposed decree drafted by the applicant's attorney. However, if a
settlement cannot be reached, then a trial date will be set and the engineer
and attorney for the applicant will begin preparing for trial.
B. PRE-TRIAL PREPARATIONS

There are two primary roles for an engineer in preparing for an
applicant's case for trial. First, the engineer typically prepares expert
opinions and provide bases for these opinions. The engineering report
provides the bases for the expert opinions but the opinions must be
modified to include any changes resulting from settlement negotiations with
the objectors' experts. In a heavily contested case, the objectors will likely
submit interrogatories, to which the engineer will assist in responding, and
will depose the applicant's witnesses.
In preparing for his or her
deposition, the applicant's engineer will thoroughly review the proposed
plan, including the data, assumptions, logic, and calculations. This is
important as a year or more may have passed since completion of the
original engineering analysis.
Second, the engineer can assist the applicant's attorney in thoroughly
understanding the technical aspects of the objections in order to assist the
applicant's attorney in preparing for the cross-examination of the objectors'
experts at trial. This process requires the engineer to analyze critically not
only the data, logic, and assumptions of the objections, but also to check
the actual calculations. A simple error in data entry or calculation can
affect the outcome of the litigation. The evaluation of the objectors'
engineering analyses is also important for identifying areas where
interrogatories or depositions by the applicant may be necessary to develop
a complete understanding of the objectors' factual and technical cases.
The engineer will normally assist in identifying and preparing technical
exhibits during this phase of the pre-trial preparation. Ideally, the exhibits
will be clear, straightforward, and will demonstrate the reasonableness of
the approach proposed in the application. Another objective of the exhibits
is to help demonstrate that the objections or additional provisions requested
by the objectors are either unfounded or unnecessary.
V. EXPERT TESTIMONY
The role of the applicant's engineer during trial is to testify to the
technical aspects of the proposed plan and express opinions concerning
historical use of rights and potential injury on direct examination, and to
respond to the challenges of the objectors on cross-examination. Before
the expert can express opinions, the engineer must be qualified as an expert
and the foundation must be established for the expert testimony. Typically,
an expert in water court will have experience specific to the Colorado
water adjudication and administration system. During direct examination,
the expert and attorney will likely go through the data, assumptions, and
logic used in the plan, hopefully in a manner that is clear and easily
understood by the water judge. Clear and straightforward exhibits will be
useful in conveying the engineering approach taken and the logic and
reasoning underlying it.
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During direct examination, the expert and the attorney must have a
mutual understanding of both the terms and phrasing of the questions in
order to ensure that the responses offered by the engineer are clear. The
attorney also needs to know the entire response that the expert intends to
provide for each question because the attorney will occasionally need to ask
follow-up questions to remind the expert of portions of the intended
testimony omitted in the initial response.
In addition to testifying, the applicant's expert will most likely answer
questions from the objectors' counsel on cross-examination and also will
listen to the testimony of the objectors' expert witnesses. Although crossexamination is a chance for the opposing side to draw into question the
approach presented by the expert on direct examination, it also presents an
opportunity for the expert to further convey to the water judge the merits
of the applicant's proposed plan.
Through testimony during crossexamination, the expert can sometimes further demonstrate that the
applicant's plan accounts for the objectors' concerns and that their
criticisms of the plan are unreasonable. Listening to the testimony of the
objectors' expert witnesses allows the applicant's expert to refine the
recommendations to the applicant's attorney for cross-examination of the
objectors' experts and to plan rebuttal testimony.
VI. CONCLUSION

The doctrine of prior appropriation, as currently codified in the Water
Right Determination and Administration Act of 1969 and as interpreted by
case law, has effectively allocated the scarce water resources of Colorado
since the state's inception. However, inherent in Colorado's water supply
system are countless legal and technical complexities. In addition to hiring
an attorney to handle the legal aspects of the system, an individual or entity
seeking to develop a water supply typically should hire a water resource
engineer to handle the technical aspects of the process. Although each
client's needs are unique, the engineer will typically quantify the client's
water needs, evaluate potential water supplies, develop a water use plan
that prevents injury to existing water users, and serve as an expert in
settlement negotiations and litigation. Although creating a water supply
can be a lengthy and, at times, frustrating process, the engineer can be a
valuable asset in developing a water supply plan that achieves the client's
objectives; addresses concerns of the objectors, if any; and complies with
the stringent requirements of Colorado's water allocation system.

